Autoantibodies to glutamic acid decarboxylase (GAD) are associated with a host of neurologic conditions, including stiff person syndrome (SPS), autoimmune cerebellar ataxia, and autoimmune-mediated epilepsies, as well as type 1 diabetes mellitus.^[@R1]^ Although initially described as distinct entities, it is increasingly recognized that a subset of patients evolve within and simultaneously exhibit a range of the neurologic manifestations in the spectrum of anti-GAD--related presentations.^[@R2]^ At the same time, little is known about the mechanisms of anti-GAD--related neuropathology in general or about the substrates of anti-GAD--related epilepsy in particular. We present 2 patients with high concentrations of anti-GAD antibodies who underwent resective surgery for medically intractable temporal lobe epilepsy (TLE) with hippocampal sclerosis (HS) and subsequently developed SPS and later cerebellar ataxia. TLE is the most common form of medically intractable epilepsy in adults, and resective surgery is the most effective therapy for appropriately selected patients with medically intractable focal epilepsy.^[@R3]^ The most common form of HS (International League Against Epilepsy \[ILAE\] type 1) is characterized by cell loss in CA1 and CA4 regions. These patients typically have an early age of seizure onset and a history of febrile seizures.^[@R4]^ Our patients demonstrated ILAE type 3 HS or "end folium sclerosis," the least common form, representing just 5 of 165 surgical resections in one study.^[@R5]^ Patients with this form of HS typically develop epilepsy at a later age, often in the absence of an initial precipitating injury or identifiable etiology.^[@R6]^ These cases provide insight into the neuropathologic signatures that may be associated with presumptive anti-GAD--related epilepsy.

CASE REPORTS {#s1}
============

Case 1. {#s1-1}
-------

A 28-year-old woman developed intractable seizures at the age of 18. Initial MRI showed decreased volume in the left hippocampus without signal abnormality and abnormal T2 signal in the right hippocampus without volume loss. Wada test scores were 5/5 using the left hemisphere (right carotid injection) and 3/5 using the right hemisphere. At the age of 21, she underwent invasive EEG monitoring, which captured 10 seizures arising from the right hippocampus and 1 from the left. She underwent right amygdalohippocampectomy. Surgical pathology demonstrated ILAE type 3 HS ([figure 1](#F1){ref-type="fig"}). Convulsive seizures resolved with surgery, but both complex partial seizures and nonepileptic events continued.

![Case 1\
(A) Section stained with Luxol fast blue for orientation (original magnification ×20). (B) A NeuN immunohistochemical preparation reveals very few brown-stained neurons in CA4. (C) Immunohistochemistry for astrocytes using glial fibrillary acidic protein shows gliosis (original magnification ×20). (D) A dysplastic neuron expressing neurofilament protein from CA4 (original magnification ×400).](NEURIMMINFL2015004929FF1){#F1}

At the age of 24, she began to have gait difficulties with mild leg stiffness. Two years later left arm dysmetria and gait ataxia become prominent, consistent with cerebellar dysfunction. Her anti-GAD level was found to be greater than 300 U/mL (radioimmunoassay, normal range 0--1.1). CSF studies showed oligoclonal bands and an IgG/total protein ratio of 0.01 but were otherwise normal. There was no evidence of other organ-specific autoimmune disease. She was diagnosed with concomitant SPS and cerebellar ataxia. She is now on regular IV immunoglobulin (IVIg) infusions with mild improvement in gait. Plasma exchange therapy did not result in additional clinical benefit.

Case 2. {#s1-2}
-------

A 31-year-old man developed complex partial seizures at the age of 22. Serial MRI studies showed progressive left hippocampal atrophy and signal abnormality. His seizures rapidly became intractable to medical therapy. Memory performances on Wada testing were nonlateralizing. He underwent a left temporal lobectomy at the age of 29. Invasive monitoring was done because of concern that the seizure onset zone was neocortical. The initial ictal EEG changes were detected in perihippocampal depth contacts. He underwent left amygdalohippocampectomy. He has been completely free of seizures since. Surgical pathology demonstrated ILAE type 3 HS ([figure 2](#F2){ref-type="fig"}). Immunohistochemical studies using antibodies for T cells (CD3), T cell subsets (CD4 and CD8), B lymphocytes (CD20), plasma cells (CD138), and granzyme were performed and did not reveal lymphocytes or plasma cells in the parenchyma or subarachnoid space.

![Case 2\
(A) Section stained with Luxol fast blue for orientation; CA4 is seen in the center between the blades of the fascia dentata (original magnification ×20). (B) Synaptophysin staining is well preserved. (C) Gliosis was noted in CA4 corresponding to the neuronal loss. This is the pattern of end folium sclerosis. (D) High-power (original magnification ×200) view of the fascia dentata showing dispersion and migration of neurons stained with NeuN.](NEURIMMINFL2015004929FF2){#F2}

Five months after surgery, he began to report stiffness and spasms of the back. On examination at that time, he was found to have increased muscle tone in the lower extremities and myoclonic jerks. Findings later included gaze-evoked diplopia and respiratory dysfunction due to stiffness of the respiratory musculature. On laboratory testing, serum anti-GAD level was found to be greater than 300 U/mL. Anti-thyroglobulin, anti--thyroid peroxidase, and anti-parietal cell antibodies were also present. EMG studies demonstrated continuous motor unit activity. He was diagnosed with SPS, which improved with IVIg and methylprednisolone. Approximately 3 years after surgery, he developed a cerebellar syndrome with speech changes, diplopia, dysmetria, and ataxia. These symptoms also responded to pulsed steroid treatments and IVIg.

DISCUSSION {#s2}
==========

We describe 2 patients who initially presented with medically refractory TLE due to ILAE type 3 HS, were found to have high levels of anti-GAD antibodies, and later developed SPS and cerebellar syndromes. One of the patients remains free of seizures after temporal lobectomy; the other continues to have seizures, the frequency of which has not clearly been altered by immune modulatory treatment. However, in both patients, SPS and cerebellar syndromes did respond to immune modulatory treatment.

The association of seizures with anti-GAD autoantibodies has been previously described. High GAD antibody levels were found in 2.8% of patients with epilepsy in a recent study that included patients with both well-controlled and uncontrolled epilepsy.^[@R7],[@R8]^ ILAE type 3 HS has been described in a small number of specimens from other patients with presumed autoimmune-related epilepsy, including a patient with suspected anti-GAD--related limbic encephalitis.^[@R4],[@R9]^ Bien et al.^[@R10]^ described pathologic specimens from 3 patients with anti-GAD encephalitis in which there was no immunoglobulin or complement deposition, arguing against an antibody-mediated mechanism. On the other hand, markers of a T cell--mediated cytotoxic process, while present, reflected less-intense activation than that seen in other forms of autoimmune encephalitis due to intracellular antigens.^[@R10]^ The rarity of ILAE type 3 HS and the overlap between the pathologic findings in these cases and previously published descriptions of specimens from patients with anti-GAD--related epilepsy strongly suggest that anti-GAD antibodies underlie these patients\' epilepsy and SPS with cerebellar ataxia.

The cases described here contribute to our understanding of the phenomenon of anti-GAD--related epilepsy in 2 ways. First, they illustrate the evolution of anti-GAD--related neurologic syndromes from epilepsy to other branches of the condition, which has been less well-described than transitions and overlaps between SPS and cerebellar syndromes. Second, there are few descriptions of pathologic specimens from patients with TLE and anti-GAD antibodies. These 2 cases strengthen the hypothesis of an association between anti-GAD antibodies and some cases of ILAE type 3 HS. The pathophysiology of anti-GAD--associated autoimmune disorders remains unknown.^[@R1]^ Our specimens did not show any evidence of a cytotoxic response. They were obtained late in the course of the development of the epilepsy, leaving open the possibility of cytotoxic processes. The other neurologic manifestations of anti-GAD--related autoimmunity, however, developed after these specimens were obtained. Similar to the cases described by Bien et al.,^[@R10]^ the presence of oligoclonal bands in case 1 and anti-thyroid and anti-parietal antibodies in case 2 suggests a possible role for antibody-mediated mechanisms. If an antibody-mediated process is relevant in these cases, it is unclear whether anti-GAD antibodies themselves or coexisting antibodies to an unknown antigen are pathogenic.^[@R10]^

Although a small sample, these cases suggest that ILAE type 3 HS may be immunologically mediated in some cases and that TLE due to ILAE type 3 HS may be one component of a broader anti-GAD--related neurologic syndrome in some patients. If there is a unifying explanation of the mechanisms of anti-GAD--related neuropathology, these cases suggest that hypotheses will have to accommodate the development of HS, SPS, and cerebellar dysfunction in the same patient.
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